Background: Keloid is an abnormal wound healing process that extends beyond the site of injury. Keloid and tumor's shared similarity of recurrence suggesting a shared underlying mechanism that involves stemness. Octamer-binding transcription factor-4 (Oct-4) and aldehyde dehydrogenase-1 (ALDH1) are stem cell stemness markers. This study aimed to analyze Oct-4 and ALDH1 expressions in keloid tissues.
Keloid is an abnormal wound healing, which shows an overgrowth of collagenous scar tissue at the site of a skin injury due to high proliferation of fibroblasts. Keloids are frequently called benign tumors that consist of proliferating fibroblasts. These fibroblasts secrete a collagenous extracellular matrix. 1, 2 Keloid raises problems on physical appearance and aesthetics. The various methods to overcome keloid problems include surgery, injection of intralesion steroid, and addition of specific molecules that act as agonists to cell-surface receptor proteins. 2 Unfortunately, the majority of keloid cases treated by surgery present high recurrence rates. Zhang et al 3 reported the existence of a population of stem cells that are known as keloid-derived precursor cells (KPCs) in keloids. These cells can self-renew, form clones, and differentiate into more than two lineages (multipotent).
Stemness characteristics could be identified by measuring the expressions of protein markers, such as octamer-binding transcription factor-4 (Oct-4), that are identical to those in embryonic and mesenchymal stem cells (MSCs). Oct-4 is the first master transcription factor encoded by the Pou5f1 gene, and it is required for the stemness properties of primate embryonic stem cells. This transcription factor was revealed to be essential for somatic cell reprogramming and to perform a various functions depending on its level of expression. 4 The expression of Oct-4, as the master pluripotency and embryonic stem cell regulating gene, contributes to a cancer progression and drug chemoresistance in several cancers, e.g., ovarian cancer.
5 Oct-4 is expressed in human keloid-derived mesenchymal-like stem cells and other population of primitive cells in keloid scars. 6, 7 Aldehyde dehydrogenase-1 (ALDH1) plays a role in the differentiation and proliferation of stem cells and can also be used as a stemness marker. 8, 9 Highly expressing ALDH1 cells have been suggested as a subpopulation of cells that are characterized by the increase in proliferation rate, colony-forming capacity, and stemness. 10, 11 This study aimed to analyze the stemness characteristics of keloid compared with preputial skin as a control by measuring the relative expressions of Oct-4 and ALDH1 mRNA. 
METHODS

This
RNA isolation from keloid tissue and preputial skin
RNA isolation was performed directly from tissues whose epidermis layer have been removed by using scissor and tweezers. The tissues were weighed, and approximately 80-90 mg of each tissue was used for experiments. Each tissue was incorporated into a 1.5 ml microtube, and 0.75 ml of Tripure solution was added (Tripure Isolation kit, Ameritech). Tissues were homogenized with a tissue homogenizer. Further stages included binding, washing, and purification of RNA. Then, the purity and concentration of total RNA were measured with Varioskan. The product of total RNA isolation was subsequently diluted to 50 ng/µl as the stock of total RNA for quantitative reverse transcription-polymerase chain reaction (qRT-PCR). Total RNA isolates were stored in -80 °C before use.
mRNA expression analysis of Oct4 and ALDH1 by qRT-PCR (Livak method)
mRNA expression was measured using qRT-PCR with KAPA SYBR FAST one-step qRT-PCR (Biosystems) and Eco PCR Max instrument. The phases included cDNA synthesis and inactivation of reverse transcriptase, followed by 40 cycles of PCR. Melting curve analysis was performed at the end of the reaction. Primer Oct-4 (NC_000006.12 gene) and ALDH1 (NC_000009.12 gene) information were obtained from the National Center for Biotechnology Information gene bank. 18S gene was used as an internal standard calibrator (Table 1) .
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The relative gene expression quantitation of Oct-4 and ALDH1 was measured by using the qRT-PCR-derived cDNA copy number amplification product. Relative expression was measured using Livak method with 2 -∆∆CT equation. Figure 1 shows that Oct-4 mRNA expression in keloid tissues was lower by a half compared with that in normal preputial skins. Figure 2 shows that ALDH1 mRNA expression in keloid tissues was lower by threefourths compared with that in normal preputial skins.
RESULTS
Relative expression of Oct-4 mRNA
Relative expression of ALDH1 mRNA
DISCUSSION
Oct-4, one of the widely used stemness markers, is a master pluripotency and embryonic stem cell regulating gene. A previous study proved that high expression of Oct-4 is consistently associated with cancer stem cell (CSC)-like populations responsible for recurrent and resistant diseases. 12 Oct-4 was positively identified from human keloid-derived MSCs 6 and microvessels of keloid-associated lymphoid tissue (KALT).
7
Similar to Oct-4, Nakahata et al stated ALDH1 as a marker for CSC and was identified in different types of pediatric solid tumors.
13
Up-regulation of ALDH1 was identified in keloid scar; this result possibly indicated the presence of CSC-like population within the scar.
14 ALDH1 was also positively identified in keloid keratinocytes 15 and keloid-derived stem cells (KDSC). 16 The existence of stem cell markers in keloid may play an important role in keloid pathogenesis.
This study showed the expressions of Oct-4 and ALDH1 in keloid and in normal skin. The expressions of Oct-4 and ALDH1 mRNA decreased in keloid tissues compared with those in normal skin. These results suggest the lower stemness of keloid tissue than normal skin. The low expressions of Oct-4 and ALDH1 mRNA in keloid tissue could be due to the excellent differentiation of keloid stromal cells into myofibroblast in comparison with normal skin cells. In the wound healing response, keloid formation is preceded by activation of immune cells and fibroblasts, which act as the major players in keloid growth.
17
The differentiation process was identified by upreregulation of collagen-1, alpha-smooth muscle actin (α-SMA), and thrombospondin-1 in keloid fibroblast culture. 18 Wulandari et al 19 also showed the up-regulation of collagen-1 and collagen-3 at the mRNA and protein levels in keloid tissues.
Based on previous studies, 2 keloid possesses a similar characteristic with benign tumors. Hence, keloid is assumed to possess higher stemness characteristic compared with normal tissues. By contrast, the results of this study showed that keloid tissue exhibited similar stemness characteristic to normal tissues. This result might be due to the different ages of the control and keloid subjects. The keloid subjects' mean age was much higher than that of the control subjects (26 vs 5 years old). Therefore, this discrepancy might explain the lower stemness markers in keloid subjects. In addition, the levels of expressions of Oct-4 and ALDH1 in one control subject were extremely high compared with those of other control and keloid subjects. The low expressions of stemness markers in this study might be proposed to predict low keloid recurrence, as Oct-4 and ALDH1 are associated with cancer recurrence. 12 However, a further cohort study is required to prove the association between stemness markers and keloid recurrence. This study presented several limitations. First, normal tissues as controls were not derived from the same subjects. Each donor may present different patterns of stemness characteristics due to the differences in age and location of scar. Also, the number of samples was limited as most keloid patients prefer to undergo other therapies such as topical steroid treatment rather than keloid surgery. The other limitation was sample preparation, in which separating the dermis and epidermis using a scissor and tweezer could remove the reticular dermis. On the other hand, other studies stated that KDSC are located in the reticular dermis, which is located directly beneath the epidermis layer. 3, 7 This study concludes that keloid tissues express Oct-4 and ALDH1 as stemness markers, and the stemness characteristics of keloid might be similar to a normal skin.
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